
RCn.T TO 
ATTWOfi CP 

t • 

TOi USI/Scienti£ic & Technical Information Division 

^ttontioni Mlaa Winnie M. Morgan 

FROMt GP/0££ice o£ Aasistai>t General Counsel £or 

Patent Matters 


SUBJECTS Announcement o£ MASA-Owned U. 8. Patents in STAR 


In accordance with the procedures agreed upon by Code GP 
and Code USX, the attached NASA-owned 'U* 8* Patent is being 
forwarded for abstracting, and announcement in MA8A 8TAR. 


Tho following Information io provided! 

U. 8* Patent No. 


Government or 
Corporate Employee 




Supplementary Corporate 
Source (if applicable ) 

NASA Patent Case No. 




NOTE “ l£ this patent covers an invention made by a corporate 
employee of a NASA Contractor, the following is applicable! 

YesQ NoQ; 

Pursuant to Section 305(a) of the National Aeronautics and 
Space Act, the name of the Administrator of NASA appears on 
the first page of the patent! however, the name of the actual 
inventor (author) appears at the heading of Column No. 1 of 
the Specification, following the words *• • with respect to 



(THRU^ 


(CODEb> 


(CATEGORY) 


Patented March 9, 1971 


3,569,866 


nm-m7i v£>% 



BY 


INVENTOR. 


CHASE P HEARN 
ATTORNEYS 


f-"] 3,569,866 


[721 Inventor 

[21] AppLNo. 

[22] Filed 
[45] Patented 
[73] Assignee 


Chase P. Heam 
Williamsburg, Va. 

779,024 
Nov. 26, 1968 
Mar. 9,1971 

The United States of America, as 
represented by the Administrator of the 
National Aeronautics and Space 
Administration 


[56] References Cited 

UNITED STATES PATENTS 


3,068,427 12/1962 Weinberg 332/30 

3,276,032 9/1966 Ordower 331/183 

3,321,715 5/1967 Bloch 331/183 


Primary Exaniin er —John Kominski 
Attorneys— Howard J. Osborn, William H. King and G. T, 
McCoy 


[54] WIDEBAND VCO WITH HIGH PHASE 
STABILITY 

3 Claims, 1 Drawing Fig. 

[52] U.S.0 331/117, 

331/109,331/177,332/30 

[51] Intel H03b5/12 

[50] Field of Search 33 1/36 (C), 

177 (V), 117, 109, 183; 332/30 (V) 


ABSTRACT: This disclosure describes a wideband voltage 
controlled oscillator with high phase stability. A resonator 
consisting of a number of identical L-C resonators reactively 
coupled to the input and the output of a highly phase stable 
amplifier is described. The resonant frequency of each resona- 
tor is controlled by applying a modulating signal to voltage 
variable capacitors which form a portion of the resonators. In 
addition, the amplifier has electrically-variable negative feed- 
back which improves its phase stability and simultaneously 
provides a means for maintaining the oscillations nearly 
sinusoidal. 
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WIDEBAND VCO WITH HIGH PHASE STABILITY 

BACKGROUND OF THE INVENTION 

The need for and the use of an oscillator that generates ^ 
highly stabilized oscillations that are electrically variable over 
a wide range is well known. The prior art has attempted to 
provide such an oscillator; however, the apparatus resulting 
from such attempts has not been entirely satisfactory . j q 

The phase stability of any oscillator is dependent upon the 
ability of the oscillators resonant components to correct for 
random phase perturbations occurring within the oscillators 
feedback loop. How well a particular resonator can correct for 
phase perturbations external to the resonator can be deter- J5 
mined by measuring the resonator’s normalized rate-of- 
change of phase with respect to frequency. The “stability fac- 
tor” obtainable with a simple L-C resonator is limited by the 
loaded Q of the resonator. That is, the stability factor is equal 
to twice the Q of the resonator circuit. And, it is well known 2O 
that Q’s above 300 are difficult, if not impossible, to obtain 
with lumped L-C components. Hence, conventional L-C 
tuned oscillators are limited in stability because of the limits 
placed on the lumped components that make up the resonator 
portion of the oscillator circuit. This result remains true even 25 
though the L-C components are electrically variable. 

Oscillators having extremely high stability factors using 
piezoelectric crystals have been developed by the prior art; 
however, the frequency range over which a crystal controlled 
oscillator can be modulated is quite limited — typically less 30 
than . 1 percent of the center frequency. 

“Reactance Tube” modulators are another form of oscilla-, 
tor that has been developed by the prior art. This type of oscil- 
lator is capable of somewhat wider frequency deviation than a 
piezoelectric crystal controlled oscillator; however, it suffers 35 
from an added problem. Specifically, these oscillators include 
an active element in shunt with the resonator circuit which in- 
troduces a source of phase instability into the overall oscillator 
system. 

A more sophisticated prior art apparatus for.frequency sta- 
bilization uses a frequency modulated oscillator phase-locked 
to a highly stable fixed frequency oscillator source. The prima- 
ry disadvantages of this system are: the center frequency of 
the oscillator is not variable, and, there is a lower limit on the 
modulating frequency which limits the deviation rate to 
something greater than the phase-locked loop bandwidth. 

In summary, frequency modulated oscillator's using single L- 
C resonators with electrically variable reactance elements or 
“Reactance Tube” oscillators are. both fundamentally limited 
in their ability to generate highly phase stable oscillations. 
Highly phase stable crystal oscillators are incapable of wide- 
band frequency deviation. Phase-locked loop stabilized oscil- 
lators have a lower rate limit beyond which they cannot be 
deviated. In addition, the center frequency of phase-locked 
loop stabilized oscillators cannot be varied electrically. 
Hence, prior art oscillators do not provide stable wideband 
oscillators. 

Therefore, it is an object of this invention to provide a wide- 
band voltage controlled oscillator having high phase stability, 

It is also an object of this invention to provide a wideband 
voltage controlled oscillator having high phase stability that is 
electrically uncomplicated, and, therefore, inexpensive to 
manufacture. 

ft is still a further object of this invention to provide a new 
and improved voltage controlled oscillator having high phase 
stability over a wideband that uses conventional components. 

SUMMARY OF THE INVENTION 

In accordance with a principle of this invention, a wideband 
voltage controlled oscillator having high phase stability is pro- 
vided. The invention consists of two basic subsystems: ( 1) a 
highly phase stable amplifier with electrically variable nega- 
tive feedback; and (2) a resonator circuit consisting of a 
number of identical L-C resonators tuned with voltage varia- 


2 

ble capacitors; the resonant circuits are reactively coupled 
together and reactively coupled to the input and the output of 
the highly phase stable amplifier. The resonant frequency of 
each resonator circuit is varied by applying a modulating 
signal to the resonators. 

In accordance with another principle of this invention, the 
electrically variable negative feedback portion of the highly 
phase stable amplifier includes means for developing a DC 
voltage proportional to the oscillator output voltage level. The 
DC voltage is applied to a voltage-variable negative feedback 
network consisting of semiconductor diodes which function as 
variable resistance elements. 

In accordance with yet another principle of this invention, 
the modulating signal is applied to coupled pairs of resonant 
circuits by low pass filter sections whose cutoff frequency is 
slightly greater than the highest modulating frequency. 

It will be appreciated from the foregoing summary of the in- 
vention that a wideband highly phase stable oscillator is pro- 
vided. The oscillator is formed of conventional components 
and, hence, it is inexpensive to manufacture. In addition,, the 
components making up the invention are connected in un- 
complex fashion. It will also be appreciated that electrically 
variable negative feedback gain control circuit results in 
nearly linear operation and stabilizes the phase characteristic 
of the amplifier with respect to fluctuations in ambient tem- 
perature and supply voltages. The multisection resonator ex- 
hibits a stability factor greater than that of any one section; 
hence, it can correct for a loop phase perturbation with a 
smaller frequency perturbation. 

BRIEF DESCRIPTION OF THE DRAWING 

The foregoing objects and many of the attendant ad- 
vantages of this invention will become more readily ap- 
preciated as the same becomes better understood by reference 
to the following detailed description when taken in conjunc- 
tion with the accompanying drawing wherein a preferred em- 
bodiment of the invention is illustrated. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The FIGURE illustrates a preferred embodiment of the in- 
vention and comprises a stable feedback amplifier section 1 1 
and a resonator section 13. The stable feedback amplifier sec- 
tion 11 comprises first and second amplifiers designated A1 
and A2; first, second and third diodes designated Dl, D2 and 
D3; a first capacitor designated Cl; and, a first inductor 
designated LI. The first amplifier has a control input and the 
first inductor LI has a variable tap. 

The output from A1 is connected to the input of A2 and the 
output of A2 is connected through LI to ground. The output 
of A2 is also connected to the anode of D2. The cathode of D2 
is connected to the anode of Dl. The cathode of Dl is con- 
nected to the anode of D3 and to the control input of AL The 
cathode of D3 is connected to the tap of LI. Cl is connected 
between the anode of Dl and the cathode of D3, Preferably, 
Dl and D2 and D3 are high-frequency point-contact diodes. 

By the foregoing connection, D2 and Cl develops a DC 
voltage proportional to the oscillator output level. This volt- 
age is applied to Dl and D3 which are in series to the control 
current input of A1 and in parallel to the output voltage of the 
oscillator. When the output level increases, the dynamic re- 
sistance of Dl and D3 reduces. The reduction in the dynamic 
resistance of Dl and D3 increases the amount of negative 
feedback, thereby establishing a new operating gain for the 
tandem amplifiers. 

It will be appreciated by those skilled in the art that negative 
feedback is used around the amplifiers to providec certain 
desired results. First, negative feedback tends to make the 
transfer characteristic of the circuit independent of the pro- 
perties of the active elements contained in the amplifiers. 
Second, the ratio of closed loop phase instability to open loop 
phase instability is reduced in direct proportion to the amount 
of negative feedback. Third, negative feedback furnishes an 
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easy means of controlling amplifier gain so that oscillations 
are nearly sinusoidal The amount of negative feedback is easi- 
ly regulated by the diodes, because they are connected so that 
their resistance can be varied by the control current derived 
form the rectified oscillator output voltage. That is, the tap on 5 
LI is easily adjusted to control the level of negative feedback. 

The resonator section 13 of the embodiment of the inven- 
tion illustrated in the FIGURE comprises: second, third, 
fourth and fifth capacitors designated C2, C3, C4 and CS; 
second, third and fourth inductors designated L2, L3 and L4; 10 
first, second and third resistors designated Rl, R2 and R3; 
and, first and second voltage variable capacitors designated 
CVI and CV2. LFs tap is connected through C3 in series with 
L3 to the anode of CV2 and to an output terminal The 
cathode of CV2 is connected to the cathode of CV! and the 15 
anode of CVI is connected through L2 in series with C2 to the 
input of Al. The junction between C2 and L2 is connected- 
through RI to a bias source. Similarly, the junction between 
C3 and L3 is connected through R2 to a bias source. The junc- 
tion between the cathode of CVI and the cathode of CV2 is 20 
connected through R3 in parallel with C5 to ground. The junc- 
tion between the cathode of CVI and the cathode of CV2 is 
also connected through L4 in series with C4 to ground. The 
junction between L4 and C4 is connected to a terminal which 
is in turn connected to a source of modulation voltage (not 25 
shown) - The bias voltages are DC and, the modulating voltage 
may contain frequency components extending from DC to the 
cutoff frequency of the low pass filter herein described. 

L2 and CV! form one resonator circuit and L3 and CV2 
form a second resonator circuit. Each. of these resonator cir- 30 
cuits is tuned to the frequency of operation. The first and 
second resonator circuits are coupled together by C5. L4, C4, 
and C5 form a low pass filter section whose cutoff frequency is 
slightly greater than the highest modulating frequency. R3 is 
the filter load and its resistance is much greater than the 35 
capacitive reactance of CS at the frequency of oscillation. 
Preferably, the resistance of R3 matches the characteristic im- 
pedance of the low pass filter. Ordinarily the prior art would 
use an isoiadon resistance to apply modulation directly to C5; 
however, this causes serious attenuation at higher modulation 40 
frequencies. Hence, the filter arrangement is mandatory for 
high modulating frequencies. In addition, more elaborate fil- 
ters can be utilized in the invention if a higher degree of isola- 
tion between the modulation signal and the oscillation signal 
in the resonator is desired. In addition, more L-CV resonator 45 
circuits can be utilized if a further increase in phase stability is 
required. In some situations, a phase corrective network may 
be required to adjust the loop phase shift to a multiple 36(F. 

Capacitors C2 and C3 are coupling capacitors between the 
input and the output of the oscillator, respectively. And, Rl 50 
and R2 are coupling resistors between the DC bias source and 
the bias points in the resonator section. 

u will be appreciated from the foregoing description of the 
invention that an electronically uncomplicated apparatus for 
creating high.fy phase stable oscillations over a wide band- 55 
width is provided. By controlling the modulation signal, the 
frequency of oscillation is controlled. In addition, by con- 
trolling the amount of feedback, the stability of the amplifiers 
forming a portion of the oscillator is achieved, in summary, 
the invendon utilizes electrically variable negative feedback to bO 
maintain linear oscillation, a number of reactively coupled 
variable frequency resonators to obtain high stability, and a 
filter arrangement to modulate the variable frequency resona- 
tors. 

It will be appreciated that the foregoing description ^5 
describes a preferred embodiment of the invention and that 
various changes can be made within the scope of the inven- 
tion. For example, as previously stated, other filter arrange- 
ments can be utilized to couple the modulation source to the 
resonator circuits. In additioni, more than two resonator cir- 20 
cuits an be used if greater stability is required. Hence, the in- 
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vention can be practiced otherwise than as specifically 
described herein. 

I claim: 

1. A wideband voltage controlled oscillator with high phase 
stability comprising: 

a stable feedback amplifier having variable negative feed- 
back for high phase stability; 

first and second voltage tuned resonators for controlling the 
frequency of oscillation coupled between the input and 
the output of said feedback amplifier; 
said first voltage tuned resonator including a first capacitor 
a first inductor and a first voltage variable capacitor con- 
nected in series with said first capacitor connected to the 
input of said feedback amplifier; 
said second voltage tuned resonator including a second 
capacitor, a second inductor and a second voltage varia- 
ble capacitor connected in series with said second capaci- 
tor connected to the output of said feedback amplifier 
and with said second voltage variable capacitor con- 
nected to said first voltage variable capacitor; 
first bias means connected to the junction of said first 
capacitor and said first inductor; 
second bias means connected to the junction of said second 
capacitor and said second inductor; and 
means for connecting a modulation source to said first and 
second voltage tuned resonators, said means including a 
third inductor connected between said modulation source 
and the junction of said first and second voltage variable 
capacitors, a first resistor and a third capacitor connected 
in parallel between the junction of said first and second 
voltage variable capacitors and ground, and a fourth 
capacitor connected between said modulation source and 
ground. 

2. A wideband voltage controlled oscillator with high phase 
stability as claimed in claim 1, wherein said stable feedback 
amplifier comprises: 

a controllable first amplifier having its input connected to 
said first capacitor; 

a second amplifier having its input connected to the output 
of said first amplifier; 

a fourth inductor having a tap, said inductor connected 
between the output of said second amplifier and ground, 
the tap of said inductor connected to said .second capaci- 
tor; 

a first diode having its cathode connected to the tap of said 
fourth inductor and its anode connected to the control 
input of said controllable first amplifier; 
a second diode; 

a third diode; said second and third diodes connected in se- 
ries so that the cathode of said second diode is connected 
to the control input of said controllable first amplifier and 
the anode of said third anode is connected to the output 
of said second amplifier; and 

a fifth capacitor connected between the junction of said 
second and third diodes and the cathode of said first 
diode. 

3. A wideband voltage controlled oscillator with high phase 
stability comprising: 

controllable amplifier means; 

an inductor having a tap connected to the output of said am- 
plifier means; 

first and second diodes connected in series between the out- 
put and the control input of said amplifier means; 
a third diode connected between the control input of said 
amplifier means and said tap; 

a capacitor connected between said tap and the junction of 
said first and second diodes; and 
a multisection, voltage-tuned resonator for controlling the 
frequency of oscillation at said tap connected between 
said tap and the input to said amplifier means. 
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